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ABSTRACT

Whiffen, Joshua W. M.S., Purdue University, May 2015. The Role of Attention
in Retrieval Practice. Major Professor: Jeffrey D. Karpicke.

Dividing attention during encoding is detrimental to learning. In contrast,
dividing attention during retrieval appears to have very little effect on recall.
However, very few studies have investigated whether dividing attention during
initial recall has an impact on subsequent retrieval attempts.
Research on retrieval practice has clearly shown that retrieval is an
active process that leads to important changes in memory that ultimately
enhance long term retention. However, it has yet to be established exactly how
retrieval practice derives its benefits. One possibility is that retrieval involves
the reinstatement of temporal context, which leads to the updating or encoding
of additional context features that can ultimately be used during a later retrieval
attempt to help restrict the search set and retrieve the target memory. If this
perspective is correct then certain predictions can be made about the influence
that dividing attention may have on retrieval practice. Specifically, dividing
attention is known to disrupt encoding process, thus dividing attention may
disrupt updating of additional context features and therefore prevent the
encoding of additional context features. This should then reduce the mnemonic
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benefit of retrieval. Further, this reduced mnemonic benefit should be
accompanied by lower scores on measures of temporal context on the criterial
test. The following experiments sought to test these predictions.
In Experiment 1 subjects either restudied or practiced retrieval while
under divided or full attention. Performance on a delayed free recall test
revealed a retrieval practice effect, but no effect of dividing attention. Also,
there were initial differences in recall between the retrieval groups. However,
there were also differences on the measures of temporal context. Overall, due
to the difficulty of drawing conclusions about final test performance when there
were differences on an initial test, some key changes were made to the next
experiment.
Experiment 2 used a similar design to Experiment 1 but with some
changes to try and avoid any differences in initial performance. There were still
initial differences between retrieval groups, although they were reduced thus
suggesting that dividing attention was in fact disrupting retrieval. At the same
time, there were differences on the final test, such that retrieval groups
outperformed study groups, and there was also an effect of attention. After
accounting for differences in initial test performance there appeared to be no
effect of dividing attention on the mnemonic benefit of retrieval. Also, this
experiment again revealed differences in temporal context that was in line with
what was predicted by the episodic context account.
Experiment 3 sought to again try and reduce initial differences in
performance but to also provide a strong test of the episodic context account.
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The procedure was generally the same as the previous experiments except
instead of a final free recall test there was a final list discrimination test. The
results showed that there were no differences in initial recall, but also that there
were no overall differences in list discrimination performance between any of
the groups.
Overall, some support for the predictions made by the episodic context
account was found in this set of experiments although many questions remain.

1

INTRODUCTION

In today’s technological world there are a multitude of distractions
competing for our attention. Research on attention and memory has very
clearly demonstrated that when attention is divided during encoding, later recall
is severely impaired (Craik & Naveh-Benjamin, 1996). However, research on
dividing attention and retrieval is not as clear cut, but in general it seems as if
retrieval is mostly immune to the effects of dividing attention. For example,
suppose that while preparing for a Spanish vocabulary exam you are practicing
retrieval using flash cards (e.g., head--cabeza) while also watching a TV show.
Most research says that the chance of correctly recalling the Spanish word
(cabeza) should not be reduced by simultaneously watching television,
although it might take longer to recall the word than in a distraction-free
environment. However, what is the chance that you will be able to recall the
correct word later on the exam when you need it, assuming you retrieved it
correctly earlier? This question, which comes from the idea that retrieval is an
active process, has yet to be fully addressed. The current set of experiments
attempted to address this question by dividing attention during retrieval
practice.
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Research on retrieval practice has shown that the active retrieval of
information can lead to fundamental changes in memory that enhance the long
term retention of the retrieved material (Karpicke & Blunt, 2011). However, it is
unclear exactly how these changes come about, and further, what effect
dividing attention may have on the mnemonic benefit of retrieval. Thus, the
objective of the present set of experiments was two-fold. The first objective was
to explore the impact of dividing attention on the mnemonic benefit of retrieval.
The second objective to attempt to understand what mechanisms of retrieval
are possibly disrupted by dividing attention, which should in turn be informative
as to what mechanisms underlie the benefits of retrieval practice.
Research on Divided Attention and Retrieval
For some time researchers have known that attention is important for
the encoding of information. Murdock (1965) clearly demonstrated this in a set
of experiments in which subjects attempted to memorize a list of words while
also engaging in a secondary card sorting task. As the difficulty of the sorting
task increased, (i.e., sort by color vs sort by suit), recall decreased. This along
with other studies such as dual task experiments in which subjects had
difficulty recalling information from the unattended channel (Norman, 1969),
indicated that attention was critical for encoding.
Apart from the research showing negative effects of dividing attention on
encoding, there was also interest in the amount of resources required to
successfully recall information from memory. This approach led to several
studies in which subjects had to engage in a secondary task while attempting
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to free recall the studied information. The findings from these studies showed
that recall consumed a great deal of attentional resources, even more so than
encoding, as inferred from the greatly reduced performance on the secondary
task (Martin, 1970; Trumbo & Milone, 1970; Johnston et al., 1970). This
research was important because it provided an important insight into retrieval
that would prompt future researchers to fully explore the impact of dividing
attention on recall, but what these failed to do is explore any changes in
retrieval success as opposed to the amount of resources consumed.
Perhaps the first study to directly explore the effects of dividing attention
on retrieval success was Kellog et al. (1982). One important aspect of this
study was that the authors were testing a prediction made by the encodingretrieval match perspective in which recall should be best when the conditions
match between encoding and retrieval. Specifically, the prediction would be
that recall is best when attention is divided at both study and test. To test this
prediction a 2 (Attention: Divided or Full) x 2 (Phase: Study or Test) design was
used in which subjects engaged in a secondary task either during the study
phase, the recall phase, during both phases, or during neither. Consistent with
past research, subjects’ recall was worse following divided attention during
encoding. However, inconsistent with an encoding-retrieval match perspective,
the effect of dividing attention during recall did not depend on the encoding
condition. Specifically, recall was wholly unaffected by dividing attention during
retrieval. Kellog et al. concluded that retrieval was not merely the reactivation
of encoding processes, as was the perspective at the time, and instead may be

4
its own separate process that operated with somewhat different mechanisms
than those used at encoding.
Another study that sought to investigate the role of attention in retrieval
was Baddeley et al. (1984). Kellog et al. provided initial support for the
differential impact of attention on encoding and retrieval and Baddeley et al.
expanded on this by thoroughly investigating alternative explanations. In the
first two experiments, Baddeley first sought to replicate past findings by using
the same 2x2 design and card sorting secondary task used by past
researchers (e.g., Murdock, 1965). In terms of encoding, the results confirmed
what many past studies had shown in that dividing attention during encoding
greatly reduced later recall. However, similar to Kellog et al., there was no clear
effect of dividing attention on retrieval success. The authors’ next set of
experiments attempted to address one possible explanation for the different
effects of attention on encoding and retrieval they referred to as “time-sharing”.
Essentially, during encoding when attention is split between studying and a
secondary task, subjects are unable to choose when to study and when to do
the other task. However, during retrieval subjects have the ability to time-share,
or easily switch between retrieval and the secondary task whenever it is most
optimal for them. One way Baddeley et al. addressed this confound was by
letting subjects encode words at their own pace, but this did not change the
pattern of results. In other words, dividing attention again only affected the
encoding condition and not retrieval. Another way the time-share confound was
addressed was by forcing subjects to retrieve items on a fixed schedule. The
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results of this manipulation actually did reveal a small effect of dividing
attention on retrieval success, however, Baddeley et al. remarked that it was
unclear whether this was due to dividing attention or simply because of an
overall disruption in retrieval strategy. Thus, across these few experiments
there was little evidence to suggest that dividing attention decreased retrieval
success, so in the remainder of the experiments Baddeley et al. explored the
effects of dividing attention on retrieval in terms of recall latency, and in a
recognition task. These results clearly showed, as with past research on recall
latency, that dividing attention at retrieval increases response latency, but does
not impact recall success regardless of whether the criterial task is recognition
or free recall. The overall conclusion made by Baddeley et al. was that retrieval
processes may be mostly automatic and as such are mostly immune to
interference from a secondary task manipulation.
The idea that retrieval was a mostly automatic process was counter to
the popular perspectives of the time including transfer-appropriate processing
and encoding specificity, which would predict that recall should be best when
the encoding and retrieval conditions match. One of the first studies to more
directly test these predictions was done by Park et al., 1989.
In the experiments conducted by Park et al subjects’ attention was
divided by having them engage in an auditory number monitoring task in which
subjects’ had to press a button whenever they heard an odd digit. For the
retrieval task, one experiment used free recall and a second one used cued
recall. The results showed that dividing attention during retrieval actually hurt
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performance in both free and cued recall. Further, the effect of dividing
attention on retrieval was greater in free recall compared to cued recall. This
was actually one of the first instances to show a clear effect of dividing
attention on retrieval, and ran counter to the original levels of processing
perspective.
Craik (1983) in the discussion about levels of processing stated that
encoding was the perception and comprehension of events and retrieval was
merely the attempt to reactivate those processes. Given the fact that Baddeley
et al.’s results were at odds with these ideas and Park et al. also found contrary
results, Craik et al. (1996) wanted to follow up this research and thoroughly
explore any possible similarities and differences in encoding and retrieval.
The two key procedural manipulations that Craik et al. added were, one,
the use of a continuous reaction time (CRT) secondary task to capture a more
accurate measure of response latency, and two, using the three major test
formats of recognition, cue recall, and free recall in order to get a full picture of
the role of attention in retrieval.

Craik et al. used the same 2x2 design of

attention and learning phase as Baddeley et al. In the first experiment the
authors replicated the effect of attention on encoding accompanied by a drop in
secondary task performance. For retrieval success during free recall the results
indicated a small but significant difference, the equivalent of a single word,
between retrieving under full versus divided attention with divided attention
leading to slightly worse recall. Further, there was a much larger reduction in
secondary task performance compared to the encoding conditions. This first
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experiment showed that retrieval success can be affected by dividing attention,
although the effect is not as clear as at encoding, and that retrieval is not
automatic in the sense that it is cost-free as suggested by the larger reduction
in secondary task performance. A second experiment, which used cued recall
as the criterial test, also found a very small but significant drop in recall
performance for the divided attention group although with only a small
decrease in secondary task performance. Finally, a third experiment that used
recognition as the criterial test did not find any differences in the retrieval
groups in terms of accuracy or response latency.
Craik et al. systematically showed that, as many others had already
showed, encoding is greatly affected by dividing attention, but more importantly
that retrieval is not immune to the effects of dividing attention. This latter finding
had only been shown in perhaps one other instance (Park et al., 1989).In terms
of response latency the effect of dividing attention during retrieval was much
clearer in that secondary task performance was greatly reduced during free
recall and not as much for cued recall or recognition. Altogether Craik et al.
drew three primary conclusions. The first conclusion was that encoding is an
attention demanding process that requires conscious control and is thus largely
susceptible to dividing attention. The second conclusion was that retrieval
involves both automatic and controlled processes (Jacoby, 1991) and that
when retrieval involves more controlled processing, such as in free recall, there
are greater costs to a secondary task. The third and final conclusion was that
the costs to the secondary task reflect the resources required to engage in
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“retrieval mode”, which is assumed to be very resource intensive due to the
resources required to initiate and maintain a retrieval mode (Tulving, 1983).
Assuming that free and cued recall tests require more controlled processing
than recognition, then the finding that memory performance is somewhat worse
for a free or cued recall test, but not recognition, is consistent with the retrieval
mode idea. Overall, it was concluded that encoding and retrieval are much
more different than originally thought, but that both are susceptible to dividing
attention, albeit more so in encoding than retrieval, and that encoding is largely
controlled whereas retrieval is more automatic. The research conducted since
Craik and others has brought some clarity to the role of attention in encoding
and retrieval. Specifically, it now seems that the effect of dividing attention on
retrieval depends on certain characteristics of both the primary and secondary
tasks. This includes characteristics such as the level of detail that needs to be
retrieved, the overlap in secondary and primary task information (e.g., same
modality), the complexity of the secondary task, whether the secondary task
requires a response, and when subjects are unable to schedule their retrieval
(Craik, 2014; Craik et al., 1996; Fernandes & Moscovitch, 2000; Baddeley
1984). Outside of these situations it often appears that retrieval is immune to
the effects of dividing attention. Overall, the perspective that retrieval involves
both automatic and controlled processes has remained, but some aspects of
attention and retrieval have yet to be explored, namely how dividing attention
may impact the mnemonic benefit of retrieval.
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Retrieval Practice and Theoretical Mechanisms
Following Roediger and Karpicke (2006) there has been a resurgence in
research on retrieval practice. Perhaps the most important idea behind retrieval
practice is that the act of retrieval is itself a learning event and not just a simple
memory test. However, despite the large amount of research on retrieval
practice there have been few attempts to develop a mechanistic explanation of
this phenomenon. The typical explanations revolve around encoding specificity,
transfer appropriate processing and levels of processing; none of which
provide a mechanistic explanation. One theory that has described a specific
mechanism is the semantic elaboration account (Carpenter, 2009), but other
studies have provided evidence against the predictions made by this account
(Karpicke & Smith, 2012; Lehman et al., 2014). However, one other
mechanistic explanation, termed the episodic context account, was recently
proposed that provides much in terms of testable predictions (Karpicke et al.,
2014).
The episodic context account operates off of four basic assumptions.
The first assumption is that during study subjects encode information about the
item and event along with the temporal context in which those items occurred
(Howard & Kahana, 2002). Next, during retrieval practice, subjects attempt to
reinstate the temporal context associated with an item, (Lehman & Malmberg,
2013). Then, during the reinstatement process, the context representation of
the item is updated such that features of the original study context are
combined with features of the present context. Finally, on a criterial test
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subjects again attempt to reinstate the temporal context, but are able to use the
updated context representation to better restrict their search set of items being
considered for retrieval (Raaijmakers & Shiffrin, 1981). A big strength of this
account is that it provides a number of testable predictions involving the role of
context in retrieval, and specifically for the current set of experiments,
predictions about how dividing attention may impact the mnemonic benefit of
retrieval.
One particular set of findings that can be explained from a temporal
context perspective and is relevant to the current set of experiments is the
finding that there are larger retrieval practice effects when using a free recall
test as compared to a cued recall or recognition test. The context based
explanation is that free recall requires a greater degree of context
reinstatement than other types of tests, and as such leads to a greater ability to
restrict the search set. This perspective also suggests that any test format can
be made to require a greater degree of context reinstatement, such as by
requiring a source memory judgment as part of a recognition test. In
relationship to the effect of attention on retrieval it may be predicted that as the
degree of context reinstatement increases the effect of dividing attention on
recall may also increase. This would fit with the basic finding that dividing
attention harms free recall more than other test formats, although the effect is
still small.
This perspective may also offer some insight into the role of attention in
retrieval practice by suggesting what aspect of retrieval could be disrupted by
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dividing attention that would lead to decreased recall later. Specifically, the
“updating” part of the entire context reinstatement process involves the
encoding of additional context features. As has been clearly shown in the
research on attention and encoding, if attention is divided during encoding
there are large negative effects on later recall. Thus, it is possible that dividing
attention during retrieval would disrupt the updating or encoding of additional
context features to the extent that this updating process is similar to the typical
encoding process. Further, if this process is disrupted then subjects would be
unable to use those additional features on the criterial test leading to worse
recall compared to a full attention condition. Also, since subjects would not be
using temporal context features to effectively restrict the search set then scores
on temporal context measures should be lower (e.g., within-list transitions,
cumulative recall curves).
A strong test of these specific predictions would involve dividing
attention during an initial retrieval attempt and on a later test have subjects try
to recall specific contextual details such as by requiring a source memory
judgment, which as mentioned before should require a greater degree of
context reinstatement. Presently there are not many studies examining
attention and retrieval practice, but at least one study by Dudukovic et al.
(2009) has already been conducted which uses this basic paradigm.
Research on Divided Attention and Retrieval Practice
Ever since the revival of research on retrieval practice there have been
at least two studies that have attempted to investigate the role of attention in
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retrieval practice. One study, conducted by Gaspelin et al. (2013), approached
this question from a desirable difficulties perspective while a second study,
conducted by Dudukovic et al. (2009), adopted a perspective more consistent
with a context based explanation of retrieval practice.
In the study conducted by Gaspelin et al. it was predicted that dividing
attention during retrieval practice represents a desirable difficulty and should
lead to better recall on subsequent memory tests. To test this idea all subjects
first studied and attempted to retrieve a list of Swahili-English word pairs under
full attention, then half of the subjects were tested again except under divided
attention while the other half remained under full attention. Attention was
divided by having subjects count the number of high pitch tones they heard
while recalling the correct English word. After a two day delay subjects
returned for a final cued recall test. If the desirable difficulties prediction is
accurate then the divided attention group should have the highest recall,
however, both groups recalled the same amount. Of the remaining experiments
in this study one experiment again found no differences between the retrieval
groups, and a second experiment found differences on initial recall with the
divided attention group doing worse but there were still no differences after a
two day delay. Thus, Gaspelin et al. found no evidence to support the idea that
divided attention represents a desirable difficulty. One possible shortcoming of
this procedure was that attention was not divided until a second retrieval
attempt, meaning that all subjects had the opportunity to recall under full
attention at least initially. This may have limited their ability to observe any
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effect on retrieval practice because, from a temporal context perspective,
subjects would have already had an opportunity to reinstate the temporal
context and update their context representation of each item. To get a more
accurate idea of the role of attention in retrieval, attention should be divided
from the very first retrieval attempt, which is what was done by Dudukovic et al.
Dudukovic et al. adopted the perspective suggested by Craik et al. that
retrieval involves both automatic and controlled processes. Specifically, they
predicted that retrieval processes should be disrupted to the extent that they
rely on recollection versus familiarity. Recollection is thought to involve retrieval
of specific contextual details, is presumably more attention dependent and as
such should be hindered by dividing attention. To test this idea recognition
memory was assessed by having subjects make old/new judgments as well as
source memory judgments, which should require a greater amount of
recollection. First, during the study phase subjects were presented with
pictures of nameable objects and had to make living/nonliving judgments or
like/dislike judgments. Then, during the first test, while under full or divided
attention, subjects were presented with a set of studied and novel pictures and
had to decide if the object was old or new and, if it was old, which type of
judgment task they had done. Attention was divided by requiring subjects to
monitor a continuous auditory pattern and to respond whenever the pattern
shifted to a new one. After a two day delay subjects returned and were tested
the same as during the first test. The results for initial recognition performance
were in line with what was predicted, meaning that source memory was
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especially impaired for the divided attention group while recognition was only
slightly affected. This is important because already this finding suggested that
dividing attention disrupted context based information (i.e., source memory),
which is in line with what would be expected from a temporal context
perspective. Also, the results on the final test further supported the context
based predictions with the divided attention group doing worse on both old/new
judgments and source discrimination. Further, when looking at the mnemonic
fate of items that were correctly recognized on the initial test there was a
difference between groups with the divided attention group forgetting more
items between tests than the full attention group. This last result is especially
important because it suggests that dividing attention did not just reduce
subjects’ ability to recognize an item, it reduced the benefit that they received
from successfully recognizing the item in the first place. An additional
experiment confirmed these findings and also showed that subjects who
retrieved under divided attention were more likely to falsely recognize foils from
the initial recognition task. Overall, this set of results strongly supports the
predictions made by the episodic context account because dividing attention
not only hurt context updating but this then led to decreased recognition on a
delayed test.
In summary, although current research on the role of attention in
retrieval practice is limited Dudukovic et al. provides important insight into the
role of context in retrieval and how dividing attention can disrupt recollection of
context. It supports the idea suggested by the episodic context account that the
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encoding of additional context features is disrupted by dividing attention, as
seen in the decreased source memory performance, and that this inability to
use additional features harms performance on the criterial test, which is mainly
seen in worse recognition performance. Further, the mnemonic benefit of
retrieval practice was also reduced, as suggested by the mnemonic fate of
successfully recalled items. Overall, the study by Dudukovic et al. provides
initial support for the predictions put forth by the episodic context account.
Current Set of Experiments
Years of prior research on attention and learning has definitively shown
that attention is critical for encoding. Also, in terms of attention and retrieval, it
seems that there is very little if any detriment to recall success yet greater
costs to the secondary task at least outside of specific procedures (e.g., same
modality, cued recall). This has led many researchers to conclude that retrieval
has both automatic and controlled components and that as retrieval requires
more control the cost to the secondary task increases. However, certain
aspects of the methods used in past research may have not been able to fully
capture the role of attention in retrieval.
The main limitation of past research is that the procedure typically only
included one study and one test. This method did not allow researchers to
examine the impact of dividing attention on the mnemonic benefit of retrieval.
Only recently with studies by Gaspelin et al. and Dudukovic et al. have
researchers begun to investigate the role of attention in the mnemonic benefit
of retrieval. However, Gaspelin et al. did not divide attention until the second
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retrieval attempt and so did not fully investigate how dividing attention could
disrupt retrieval. Also, Dudukovic et al, although they divided attention even for
the first retrieval attempt, focused primarily on recognition and not cued or free
recall. The present set of experiments used a method, adopted from Karpicke
& Zaromb (2010), to overcome some of these limitations and ultimately test the
idea that dividing attention reduces the mnemonic benefit of retrieval practice
by disrupting temporal context processes that occur during retrieval.
The Karpicke and Zaromb method was also used to ensure that
attention was divided during retrieval. Karpicke and Zaromb developed a
procedure that puts subjects in “retrieval mode” when retrieving the target of a
cue-target word pair rather than simply generating a response. By using this
method stronger conclusions can be made about how dividing attention affects
retrieval. However, this procedure uses cued recall, which as mentioned earlier
seems to be one test format that leads to a negative effect of dividing attention
on retrieval because subjects are unable to schedule their retrieval attempts. A
key difference between this procedure and other cued recall tasks is that the
cued recall task is a fragment completion task meaning that subjects are
provided with some of the letters of the target word. By providing these
additional letters to help cue the target word subjects should be able to retrieve
the target word under divided attention with a similar level of success as under
full attention.
The general procedure used across all experiments was similar to the
typical 2 (Attention) x 2 (Phase) design used in prior work on attention and
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learning. First, subjects studied a list of target words one at a time. Following
this, subjects either studied the targets again as cue-target word pairs, or
attempted to retrieve the correct target to complete a cue-target fragment (i.e.,
cued recall). At the same time as this subjects either had their attention divided
by a secondary task, or had full attention. Finally, subjects were given a final
free recall test (or a list discrimination as in Experiment 3).
Overall, this procedure matches previous work, but there are some key
changes. One change was that initial encoding was under full attention for all
conditions instead of manipulating attention level like in past research. Instead
attention was divided during the second phase of the experiment which was
restudy for half the groups and retrieval for the other half. The reason for this
change was because the main focus was on how dividing attention effects
retrieval and if attention was divided both at initial encoding and retrieval it
would have been difficult to draw conclusions about the role of attention in
retrieval. The main drawback to this change was that there was no condition for
directly replicating past research on dividing attention at encoding (i.e., there
was no condition that had divided attention at study, then full attention at test).
A second major change was the inclusion of a second criterial test. The design
from past research (e.g., Craik et al., 1996) had been study followed by a
single test, but the present study included a second delayed test in order to
assess how dividing attention may reduce the mnemonic benefits of retrieval,
which can only be observed on this type of delayed test. The present set of
experiments sought to test the predictions made by the temporal context
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perspective. Specifically, retrieval involves updating or the encoding of
additional context features. This updating process thus may be disrupted by
dividing attention. Based on this idea there were two predicted results. One
predicted result was that retrieving under divided attention should lead to worse
performance on the criterial test than retrieving under full attention. In other
words, the mnemonic benefit of having retrieved an item successfully on an
initial test is reduced by dividing attention because subjects are unable to use
additional context features to help guide recall on the criterial test. Following
from this, a second predicted result was that dividing attention during retrieval
should lead to lower scores on temporal context measures, which would again
be due to an inability to use any additional temporal information on the criterial
test.
In order to assess any impact of dividing attention on the mnemonic
benefit of retrieval practice, the primary measure of interest was final free recall
(or list discrimination for Experiment 3) performance. Also, the mnemonic fate
of items successfully recalled initially was measured. It was expected that
performance on these measures would be reduced compared to full attention
conditions. To further test the predictions made by the episodic context account
the lower performance on final free recall should be accompanied by lower
scores on temporal context measures. One such context measure is within list
transitions because higher proportions of same-list transitions in recall are
thought to reflect a greater reliance on temporal context. This measure is
obtained by calculating the number of same list transitions, which is when
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items n and n+1 come from the same list, out of the total number of possible
transitions. A larger proportion of within list transitions indicates a greater
reliance on temporal context during recall. Thus, it was predicted that retrieving
under divided attention should lead to a smaller proportion of within list
transitions. The other way temporal context was measured was by calculating
cumulative recall curves. Cumulative recall curves can be fit by an exponential
function (discussed in detail in the Methods section) that can then be used to
interpret the size of the search set. The prediction for this analysis was that
retrieving under divided attention should lead to a larger search set since
subjects are unable to use additional context features to guide recall.
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EXPERIMENT 1

In Experiment 1, subjects went through the following procedure twice,
once with each list. First, subjects studied a list of words one at a time (Study
phase), then either restudied or retrieved the words as part of a fragment
completion task while under divided or full attention (Manipulation phase), and
during the last phase of the experiment free recalled as many words as
possible from that list (Criterial phase).
In terms of full attention conditions it was expected that the retrieval
group would outperform the restudy group on the criterial test (i.e., a testing
effect). For divided attention conditions it was expected that performance would
decrease relative to full attention groups for both restudy and retrieve
conditions. For the study condition, performance should be worse because, as
past research suggests, attention is critical for encoding to take place. Based
on the episodic context account, performance for the retrieval group should
decrease because dividing attention should disrupt the updating process of
context reinstatement. In order to fully support this prediction there should also
be differences on the various context measures in which the retrieve-divided
attention condition should have fewer within list transitions than the retrieve-full
attention condition.
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Method
Subjects
Thirty-two Purdue University undergraduates participated in exchange for
course credit.
Design
The design of Experiment 1 was a 2 x 2 within subjects design with
Attention (Full vs Divided) and Learning Activity (Study vs Retrieval). Further,
learning activity was mixed list such that subjects were alternating between
retrieval and study items. Also, in order to be within subjects, four lists were
created (see Materials section), which were then turned into two larger lists
such that each list was paired with all other lists at least once during the
learning activity phase. Additionally, list order of presentation was
counterbalanced such that every list appeared once in each position.
Materials
Word list. The materials used were taken from the Jacoby (1991) word
fragments (e.g., EAGLE B_ _D). A total of 48 cue-target pairs were used.
These pairs were divided into two lists of 24 words each with 12 pairs intact
(restudy condition) and 12 pairs as fragments (retrieval condition) per list.
These mixed lists were randomized such that each type of pair, intact or
fragment, did not occur more than three times in a row. Also each list was used
in all conditions the same number of times. The mean base completion rate of
the cue-target pairs was 0.65 (Jacoby, 1991). Also, list order was counterbalanced across participants.
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Divided attention task. During the divided attention task subjects were
presented, auditorily via headphones they were wearing, with a series of digits
spoken by the “Mac voice” at a rate of one digit every two seconds, which is
similar to a secondary task used in past experiments (Park et al., 1989). Any
time two odd digits occurred in a row subjects had to click a button marked
“Odd Number”. Also, all subjects regardless of condition initially practiced this
both in isolation and while filling in word fragments.
Training procedure for the divided attention task. During training
subjects spent 30 seconds practicing typing and responding to the attention
task at the same time. Specifically, subjects saw an example word (e.g.,
WAFFLE) and then had to retype that word in a response box while also
listening for two odd digits in a row.
Procedure
At the outset of the experiment subjects were instructed that they would
be reading lists of words and later tested on the lists. Subjects were also
informed that they may have to perform a difficult secondary task. After reading
these instructions all subjects practiced the divided attention task as described
in the above training section.
Next, subjects began the first study phase. In this phase subjects were
presented with the first list of 24 words at a 2s rate. It was emphasized that
these words would be used to complete the fragments later on. Note that this
phase was conducted under full attention for all conditions. Following the study
phase subjects engaged in a brief two-minute video game distractor task.
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Following the distractor task subjects began the fragment completion
phase. During this phase the cue-target word pairs were presented at a rate of
6s per pair with a .5s ISI. At the end of the 6s the program would automatically
move on. For the word pairs themselves half of them were intact (restudy
condition) such as the cue-target pair EAGLE-BIRD and for the other half of the
words subjects had to complete the fragment with a word from the study list
(retrieval condition), such as EAGLE-B__D. Further, the intact words and word
fragments were presented together in a mixed list. Subjects were explicitly
informed that the fragment was to be filled in with a word from the list they had
studied. In other words, they were required to retrieve a word from memory
versus simply generate an associate (Karpicke & Zaromb, 2010). Also, if the
word pair was intact subjects had to type the target into the response box thus
ensuring subjects had to attend to the target word. Also, during the fragment
completion phase subjects’ attention was either full or divided via the odd digit
task.
Finally, after another brief distractor task of 7 minutes were asked to
freely recall as many of the target words as possible. Following the free recall
task subjects repeated this procedure with the second list of words except that
if their attention was divided during the first manipulation phase then it was full
for the second list, or vice versa.
Results
The alpha level was set at .05. Cohen’s d with 95% confidence intervals
and partial eta squared are reported as a measure of effect size.
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Initial Performance
Cued recall. A paired samples t-test revealed a significant difference
between the retrieval divided (M = .55, SD = .20) and retrieval full (M= .66, SD=
.17) attention groups in terms of initial cued recall performance, t(31) = 3.57, d
= 0.63, [0.25, 1.01]. This result is somewhat unexpected because the
procedure should have afforded similar levels of initial recall given the amount
of information provided to help cue subjects. However, this is not entirely
contrary to past research given that dividing attention has been shown to hurt
retrieval in certain contexts.
Divided Attention Task
Performance. The average performance on the divided attention task
was M = 0.59, SD = 0.15. Due to the mixed list nature of the design it was not
possible to directly compare any of the conditions. However, this average is in
line with what has been reported by past experiments (Park et al., 1989).
Response times. A paired samples t-test revealed a significant
difference in first key press response times (ms) for correct trials between the
divided (M = 4255, SD = 1037) and full attention conditions (M = 3569, SD =
912), t(27) = 5.037, d = 0.89, [0.47, 1.30]. This directly replicates past research
showing an increased response latency for retrieving under divided versus full
attention.
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Criterial Test
Free recall. The proportion of words recalled in each condition is shown
in Figure 1. The results of a 2 (Attention: Divided or Full) x 2 (Learning
Condition: Study or Retrieval) ANOVA revealed a main effect of learning
condition, F(1, 31) = 10.44, p = .003, η2 = .252, no effect of attention, F(1, 31) =
1.49, p = .232, η2 = .046, and no interaction, F(1,31) = .153, p = .699, η2 = .005.
Further pairwise comparisons revealed significant differences between
the retrieval divided (M = 0.41, SD = 0.19) and the study divided attention (M =
0.32, SD = .18) conditions t(31) = 2.63, d = 0.46, [0.09, 0.83]. However, there
was no significant difference between retrieving under divided attention (M =
.40, SD = .19) and studying under full attention (M = .36, SD = .19), t(31) =
1.34, d = 0.24, [-.011, 0.59], or retrieving under full attention (M = .43, SD =
.19), t(31) = 0.66, d = 0.12, [-0.23, 0.46].
Retrieving under full attention led to better recall than both studying
under divided attention t(31) = 2.87, d = 0.51, [0.13, 0.87], and studying under
full attention t(31) = 2.87, d = 0.37, [0.01, 0.73]. However there was no
significant difference between studying under full versus divided attention t(31)
= 1.23, d = 0.22, [-0.13, 0.56].
Mnemonic fate. Due to the differences in initial recall performance it
was hard to draw conclusions about how dividing attention may have disrupted
the mnemonic benefit of retrieval, so to try and control for differences in initial
recall the mnemonic fate of words that were successfully recalled on the initial
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test were analyzed. However, there was no significant difference between the
retrieval divided (M = .54, SD = .22) and retrieval full (M = .50, SD = .20)
attention groups in terms of the mnemonic fate of items successfully recalled
on the initial test, t(27) = -.65, d = 0.11, [-0.23, 0.46]. In fact, divided attention
was slightly better.
Retrieval Dynamics
Within list transitions. The proportion of within list transitions (i.e., the
number of same list transitions out of all possible transitions for that list) is
presented in Figure 2. A 2x2 ANOVA revealed a main effect of learning
condition, F(1, 28) = 7.35, p = .02, µ2 = .21, an effect of attention, F(1, 28) =
5.66, p = .02, η2 = .17, and no interaction, F(1,28) = .00, p = .97, η2 = .000.
Further pairwise comparisons revealed differences between retrieving
under divided (M = .30, SD = .23) versus full attention (M = .37, SD = .20.),
t(31) =1.7, d = 0.30, [-0.06, 0.65]. However there were no significant
differences between retrieving under divided attention and studying under
either divided (M = .20, SD = .23), t(30) = 1.41, d = 0.25, [-0.10, 0.60], or full
attention (M = .33, SD = .23), t(29) = 0.60, d = 0.11, [-0.24, 0.45].
Retrieving under full attention led to larger proportions of within list
transitions than studying under divided, t(30) = 3.15, d = 0.56, [0.18, 0.93], but
not studying under full attention, t(29) = 0.66, d = 0.12, [-0.23, 0.46]. There
were however, differences between studying under full versus divided
attention, t(29) = 2.27, d = 0.40, [0.04, 0.76].
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Search set. Cumulative recall curves can be fit by an exponential
function,

1

, in which

number of items recalled by time ,

represents the cumulative

represents an estimate of the total

number of items in the search set,  represents the rate of approach to
asymptote, and c represents a delay in onset of recall (Wixted & Rohrer, 1993).
Due to the underlying assumption that subjects are only accessing one search
set at a time during free recall (i.e., one list) it was not possible to directly
compare each of the conditions, so instead an overall comparison between the
divided and full attention conditions was made because criterial tests were
separate in this case. The results of the cumulative recall analysis revealed
larger lambda values for the list that was studied under full attention,  = .031
[0.30, 0.33], compared to divided attention  = .025 [0.24, .026]. This is in line
with what would be predicted from a temporal context perspective because
larger lamba values mean a faster approach to asymptote and this is assumed
to indicate a more restricted search set.
Discussion
The outcomes of Experiment 1 failed to support some of the main
predictions about dividing attention and retrieval practice. For one, there was
no effect of attention on retrieval during free recall despite differences on initial
recall. However, measures of within list transitions did indicate an impact of
dividing attention on retrieval. Despite this, there were no differences on the
mnemonic fate measure, which suggests that there was no impact of dividing

28
attention on the mnemonic benefit of retrieval practice. At the very least, there
was an overall effect of retrieval, thus replicating the typical retrieval practice
effect. Also, the retrieval groups did have a larger proportion of within list
transitions than the study groups, which is in line with the episodic context
account. Additionally, although it was not possible to directly compare retrieval
groups in terms of search set size, the lambda values were in line with what
would be expected in that dividing attention seemed to lead to a lower lambda
value and by assumption a larger search set size. Thus, although the exact
predictions about dividing attention were not directly supported some results
were in the expected direction.
One somewhat unexpected result was the difference in initial recall
performance between the retrieval conditions. Even though other studies have
found effects of dividing attention on retrieval the design used sought to reduce
any possible impact of initial recall while still dividing attention. However, one
possible explanation for why there were differences in this case is that by
having subjects make a mouse click as opposed to a key press they were not
always able to respond to the cued recall task due to the amount of time it took
to make the motor response (i.e., motor interference effect). Experiment 2
corrected for this by changing the secondary task response to a key press.
In light of the differences on initial recall it was difficult to explain the
results on the criterial test. One possibility is that the use of a mixed list actually
disrupted retrieval in both the divided and full attention conditions. Essentially,
using a mixed list may force subjects to continuously switch in and out of
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retrieval mode, thus leading to slower responding and perhaps overall slower
rates of learning. From a task switching perspective this continuous switching
between retrieval and study may have disrupted learning in all conditions rather
than just the divided attention conditions. This may then explain similar levels
of performance on the criterial test in each learning activity. Thus, Experiment 2
used a pure list design in order to account for this possibility, which should
enable more accurate conclusions about the effect of attention on any temporal
context aspects of retrieval.
Thus far it seems that dividing attention may affect retrieval, as seen in
initial recall differences, but not retrieval practice itself because there were no
differences on the mnemonic fate analysis or on the criterial test. However,
additional experiments are needed to make this conclusion.
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EXPERIMENT 2

The results of Experiment 1 failed to support some of the main
predictions made by the episodic context account in regards to the effect of
dividing attention. However, there was still an overall benefit of retrieval over
restudy on free recall and this carried over to the context measure, which does
support the temporal context perspective. Also, the search set analysis was in
the direction that would be expected even though it was not possible to directly
compare the retrieval conditions. Overall, given the mixed findings in
Experiment 1 and differences in initial recall, various changes were made to
Experiment 2.
One change was to have the divided attention task require a key press
instead of a mouse click. By switching to a key press subjects no longer had to
take their hands off the keyboard at any time. Thus, if the difference in initial
recall was due more so to an inability to respond rather than a difficulty with
retrieving the correct target word then there should be little if any difference in
Experiment 2 on initial recall.
A second change made was to use a pure list instead of a mixed list
procedure. In the prior experiment subjects were continuously switching
between a restudy trial and a retrieve trial, which could have disrupted retrieval
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due to continuously switching in and out of retrieval mode. Also, it was not
possible to calculate how subjects may have been performing on the divided
attention task between conditions due to the mixed list. As in, subjects may
have only been responding to the divided attention task on restudy trials but
not retrieve trials, but it was not possible to rule out that possibility. By
switching to a pure list design subjects would no longer have to regularly switch
between tasks, and subjects would be unable to selectively perform the divided
attention task on restudy trials.
The third and final change made for this experiment was having a single
final free recall test over all lists instead of a test following each list. This
change makes it possible to continue to measure within list transitions, one of
the key measures of temporal context, whereas testing immediately after each
list would not allow for this measure. However, as mentioned before, this
change does not allow for accurate measures of the search set using
cumulative recall curves and lambda values because subjects could
presumably switch between search sets all throughout free recall rather than
recall from only one search set at a time.
The predictions for Experiment 2 were the same as Experiment 1.
Specifically, there should be no or little effect of attention on initial recall, and a
main effect of both learning condition and attention on final recall as well as
measures of retrieval dynamics.
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Method
Subjects
Fifty two Purdue University undergraduates participated in exchange for
course credit. Two subjects were removed for failing to follow the directions for
the divided attention task.
Design
The design of Experiment 2 was a similar 2 x 2 within subjects design
with Attention (Full vs Divided) and Learning Activity (Study vs Retrieval) as
Experiment 1. The primary difference in the design for this experiment was that
list presentation was blocked instead of mixed during the learning phase.
Materials
Word lists. The same 48 word pairs from Experiment 1 were used
except instead of creating two mixed lists four separate lists were created in
which each list would be used in each of the four possible conditions. List order
was counterbalanced. There were four different counterbalancing conditions
with 12 subjects per condition. There were 13 subjects in two of those
conditions due to the removal of two subjects.
Divided attention task. The only difference for the divided attention
task between Experiment 1 and 2 was the change from requiring a click
response to a key press response (i.e., press the Q key) when subjects heard
two odd digits in a row.
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Procedure
The procedure was similar to Experiment 1 with a couple of key
changes. First, the list/condition was blocked so that during the fragment
completion phase subjects were only engaging in one type of learning activity
(retrieve or restudy) at a time versus the intermixed procedure used before.
Second, instead of having the criterial free recall test following each list there
was a single final free recall test of all of the lists at the very end of the
experiment.
To clarify, students would study the first list of words, do a 2 minute
math distractor task, then during the fragment completion phase the word pairs
would either be intact (restudy) or fragmented (retrieve) and attention would
either be full or divided. Subjects would then repeat this procedure with the
remaining three lists until they had completed all four possible conditions
(Retrieve-Divided, Retrieve-Full, Restudy-Divided, Restudy-Full). Then,
following a longer 7 minute delay subjects were given 7 minutes to free recall
as many words as possible from all of the lists in the experiment.
Results
Initial Test
Cued recall. A paired samples t-test revealed a significant difference
between the retrieval divided (M = .64, SD = .18) and retrieval full (M = .72, SD
= .18) attention groups in the initial cued recall test, t(49) = 2.70, d = 0.38 [0.1,
0.67]. This difference is slightly smaller than the previous experiment but it
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further indicates that dividing attention reduced retrieval success even during
the very first retrieval attempt.
Divided Attention Task
Performance. A paired samples t-test revealed no significant difference
between the retrieval divided (M = .58, SD = .26) and study divided (M = .61,
SD = .28) attention groups on the proportion of correct responses (i.e., two odd
digits in a row) on the divided attention task, t(49) = .55, d = 0.08 [-0.20, 0.35].
This indicates similar levels of attention were given to the divided attention task
in both conditions.
Response times. A paired samples t-test revealed a significant
difference between the retrieval divided (M = 3723, SD = 778) and retrieval full
(M = 3280, SD = 585) attention groups on response times (i.e., time between
stimulus presentation and first key press) during the initial test, t(49) = 4.18, d =
0.59 [0.29, 0.88]. This again replicates past research showing increased
response latencies for retrieving under divided attention.
A paired samples t-test revealed a significant difference between the
study divided (M = 3057, SD = 1266) and study full (M = 2678, SD = 1101)
attention groups on first key press response times during the initial test, t(49) =
2.17, d = 0.31 [0.02, 0.59]. This again replicates past research showing
increased response latencies for encoding under divided attention.
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Criterial Test
Free recall. The proportion of words recalled in each condition are
shown in Figure 4. The results of a 2 (Attention: Divided or Full) x 2 (Learning
Condition: Study or Retrieval) ANOVA revealed a main effect of learning
condition, F(1, 49) = 21.37, p = .000, η2 = .304, a main effect of attention, F(1,
49) = 12.90, p = .001, µ2 = .208, but no interaction, F(1,49) = .306, p = .582, µ2
= .006.
Further pairwise comparisons revealed that retrieving under divided
attention (M = .24, SD = .15) led to worse recall than retrieving under full
attention (M = .34, SD = .21), t(49) = 2.69, d = 0.38 [0.09, 0.67], but better
recall than studying under divided attention (M = .15, SD = .16), t(49) = 3.49, d
= 0.49 [0.20, 0.78]. However, retrieving under divided attention led to a similar
level of recall as studying under full attention (M = .23, SD = .17), t(49) = 0.51,
d = 0.07 [-0.21, 0.34].
Retrieving under full attention led to better recall than studying under
either divided, t(49) = 5.62, d = 0.79 [0.47, 1.11], or full attention, t(49) = 3.15,
d = 0.45 [0.15, 0.73]. Also, studying under full attention led to better recall than
studying under divided attention, t(49) = 2.56, d = 0.36 [0.07, 0.64].
Mnemonic fate. A paired samples t-test again revealed no significant
difference between the retrieval divided (M = .30, SD = .20) and retrieval full (M
= .35, SD = .25) attention groups in terms of the mnemonic fate of items
successfully recalled on the initial test, t(49) = 1.16, d = 0.16 [-0.11, 0.44]. This
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suggests that the mnemonic benefit of retrieving a word on the first test was
not disrupted by dividing attention.
Retrieval Dynamics
Within list transitions. The proportion of within list transitions is
presented in Figure 5. A 2x2 ANOVA revealed a main effect of learning
condition, F(1, 49) = 5.12, p = .03, µ2 = .10, an effect of attention, F(1, 49) =
8.00, p = .03, η2 = .001, but no significant interaction, F(1,49) = .03, p = .87, η2
= .00. This indicates that subjects were using temporal context to guide their
free recall and that retrieving under divided attention reduced subjects’ ability to
use temporal context cues in comparison to retrieving under full attention.
Further pairwise comparisons revealed that retrieving under divided
attention (M = .18, SD = .15) led to fewer within list transitions than retrieving
under full attention (M = .27, SD = .21), t(45) = 1.96, d = 0.28 [-0.01, 0.58], and
a similar proportion of transitions compared to studying under either divided (M
= .15, SD = .21), t(33) = 0.33, d = 0.06 [-0.28, 0.39] or full attention (M = .19,
SD = .27), t(42) = 0.03, d = 0.00 [-0.29, 0.30].
Retrieving under full attention led to a greater proportion of within list
transitions than studying under either divided t(34) = 2.02, d = 0.34 [0.00, 0.68]
or full attention t(43) = 1.49, d = 0.22 [-0.08, 0.52]. However, proportion of
within list transitions did not differ between studying under divided or full
attention condition t(34) = 0.22, d = 0.04 [-0.29, 0.30].
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Discussion
The results of Experiment 2 provided some support for the predictions
outlined by the context account. The main results that supported the
predictions were the reduced free recall performance and the lower scores on
the temporal context measure. The differences on initial recall remained,
which, although slightly unexpected, does suggest that dividing attention was
hurting retrieval.
The differences in initial recall, though they can be explained in terms of
subjects being unable to schedule their retrieval, still poses a problem for fully
determining the role of attention in retrieval. This specific procedure seems to
be especially difficult and attention consuming on top of subjects being unable
to optimally schedule their retrieval attempts. Thus, one plausible way to try
and reduce differences on initial recall is to provide subjects with a more
extensive training session. With more training the task should become less
novel and more automatic, thus reducing the strain on working memory.
Importantly, should initial recall be equalized by this change, it should not
impact any conclusions that can be made about temporal context. If anything it
should only bolster any conclusions by accounting for this possible confound.
Thus, the final experiment incorporated a longer training session to try and
indirectly reduce the differences in initial recall.
Despite the issue with differences in initial recall some conclusions can
still be drawn about the role of context in retrieval practice and how divided
attention may disrupt retrieval. The differences in final free recall and within list
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transitions between the retrieval full attention and retrieval divided attention
groups supports the idea that dividing attention during retrieval disrupted
subjects’ ability to update the temporal context and were subsequently unable
to use that information on the criterial test. Further, there was no interaction on
the criterial test meaning that dividing attention seemed to affect retrieval and
study to a similar degree. This supports the idea that dividing attention disrupts
encoding processes, specifically updating during retrieval, because dividing
attention had the same effect on the retrieval and study group. However, the
result of the mnemonic fate analysis indicates that although subjects were not
using temporal context features during recall they were still able to remember
the words that had been correctly recalled on the initial test. This may suggest
that dividing attention affected retrieval but not retrieval practice itself, although
due to differences in initial recall it is difficult to fully come to that conclusion.
Two final results to briefly point out are, one, there was an overall effect
of retrieval on within list transitions and recall, which does support the episodic
context account, and two, there was an effect of dividing attention on restudy,
which had previously not been shown because past research only incorporated
one single study attempt.
Overall, across two experiments there has been some support for the
temporal context perspective. However, both experiments only measured
temporal context using within list transitions. A stronger test of the temporal
context perspective would be a list discrimination test similar to what
Dudukovic et al. used. This test should be especially sensitive to any effects of
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dividing attention on retrieval because in order to make a correct list
discrimination subjects should need to use temporal context information. Thus,
the third and final experiment sought to again attempt tocorrect for initial recall
differences but also to provide a stronger test of the temporal context
perspective.
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EXPERIMENT 3

There was some suggestion of an effect of dividing attention on retrieval
practice in Experiment 2, however, the issue with differences on initial recall
still existed despite attempts to equate performance which makes it difficult to
draw strong conclusions. Thus, this experiment sought to, first, improve initial
recall performance, and second, to provide a stronger test of the episodic
context account by having a final list discrimination test instead of a free recall
test.
First, in order to address the differences in initial recall subjects were
given an extended training session in order to make the task less novel and
presumably more automatic thus leading to a lower consumption of attentional
resources and indirectly increasing initial recall for the retrieve divided attention
condition.
For this experiment the criterial test was changed to a list discrimination
test. This task has been shown to be sensitive to effects of retrieval practice in
that practicing retrieval leads to better list discrimination performance, which
fits with a temporal context perspective (Chan & McDermott, 2007). After
subjects went through the entire experiment they were shown each word that
they had studied and asked to decide if they had seen the word at time one
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(i.e., from list one), or time two (i.e., list two). This test should be a strong test
of the temporal context perspective because in order to make this temporal
discrimination subjects should have to rely on temporal context cues. If during
retrieval subjects’ attention is divided and this does in fact disrupt context
updating then this should lead to poorer performance on the list discrimination
test. At the same time, both of the study conditions should perform much worse
than the group that retrieves under full attention if the episodic context account
is accurate because these groups should not be incorporating temporal context
cues to the same degree as the retrieval group. Thus, this test provided a
strong test of the temporal context perspective both in what aspect of retrieval
is affected by dividing attention and overall in how retrieval practice may
produce its mnemonic benefit compared to restudying.
Method
Subjects
One hundred and sixty Purdue University undergraduates participated in
exchange for course credit. Three subjects were ultimately removed for failing
to ever respond to the divided attention task leaving a total of 157 subjects.
Design
The design of Experiment 3 was similar to the 2 x 2 design as the
previous Experiment except that it entirely between subjects instead of within
subjects.
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Materials
Word lists. Due to Experiment 3 being between subjects only half of the
word pairs (24 total) from Experiment 2 were used in two lists.
Divided attention task. There were no changes to this task except for
the additional training time. First, subjects trained only with the digit monitoring
portion of the divided attention task until they got 3 correct responses. Then,
subjects practiced typing and performing the digit task simultaneously with a
full list of 12 words in which they simply had to retype the word presented to
them until they could correctly type at least 3 words without making a mistake
on the divided attention task (approximately 1 minute).
Procedure
The three main differences between Experiment 2 and 3 were the
change to having a list discrimination task as the criterial test instead of free
recall, the switch to entirely between subjects, and subjects would do the same
manipulation with two different lists.
Specifically, subjects would study the first list of words, engage in the
distractor task, then during the fragment completion phase either retrieve or
restudy with full or divided attention. Subjects would then repeat this process
with a second list of words except they would go through the same
manipulation as with list one instead of a different manipulation (i.e., if they did
retrieve-divided with the first list they would do retrieve-divided again with the
second list). Finally, following a 7 minute delay subjects would perform the list
discrimination task.
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For the list discrimination task the words from each list were randomly
mixed together and presented to the subjects at a 6s rate. The program
automatically moved on after 6s. When each word was presented to the
subject they simply had to decide whether the word occurred in “List 1” or “List
2” by clicking the corresponding button.
Results
Initial Test
Cued recall. An independent sample t-test revealed no significant
difference between the retrieval divided (M = .76, SD = .12) and retrieval full (M
= .79, SD = .12) attention groups in terms of cued recall performance on the
initial test, t(76) = 1.16, d = 0.26 [-0.18, 0.71]. Here, the changes made
between experiments appear to have helped eliminate the differences on initial
recall.
Divided Attention Task
Performance. An independent sample t-test revealed no significant
difference between the retrieval (M = .52, SD = .17) and study (M = .58, SD =
.18) groups in terms of performance on the divided attention task, t(75) = 1.42,
d = 0.33 [-0.12, 0.78].
Response times. An independent sample t-test revealed a significant
difference between the retrieval divided (M = 1944, SD = 263) and retrieval full
(M = 1492, SD = 255) groups in terms of first key press response times on
correct trials, t(76) = 3.0, d = 0.68 [0.22, 1.13] in line with the first experiment.
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Another paired samples t-test revealed a significant difference between
the study divided (M = 1492, SD = 225) and study full (M = 1387, SD = 195)
attention groups on first key press response times during the initial test, t(77) =
2.21, d = 0.50 [0.05, 0.94]. This again replicates past research showing
increased response latencies for encoding under divided attention.
Criterial Test
List discrimination. The results of a 2 (Attention: Divided or Full) x 2
(Learning Condition: Study or Retrieval) ANOVA revealed no main effect of
learning condition, F(3, 157) = .13, p >.05, µ2 = .00, no effect of attention, F(3,
157) = .53, p >.05, η2 = .00, and no interaction, F(3, 157) = .10, p >.05, η2 =
.00. However, a more in depth analysis 2 (Learning Condition: Study or
Retrieval) x 2 (Attention: Divided or Full) x 2 (List: List 1 or List 2) mixed
ANOVA with List as within subjects revealed a main effect of List F(1, 152) =
43.33, p <.05, η2 = .22, an interaction between List and Learning Condition F(1,
152) = 4.74, p <.05, η2 = .03, no significant interaction between List and
Attention F(1, 152) = 1.14, p <.05, η2 = .01, but a significant three way
interaction between List, Learning Condition and Attention F(1, 151) = 5.03, p
<.05, µ2 = .03. Figure 6 illustrates this three way interaction by showing list
discrimination performance for retrieving under divided attention broken down
by list compared to the average for the other three conditions because they did
not differ in their performance. As can be seen retrieving under divided
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attention selectively led to lower performance on the second list much more so
than the other conditions.
Mnemonic fate. An independent sample t-test revealed a significant
difference between the retrieval divided (M = .71, SD = .15) and retrieval full (M
= .63, SD = .17) attention groups in terms of the mnemonic fate of items
successfully recalled on the initial test, t(76) = 2.32, d = [0.07, 0.97]. This result
is somewhat at odds with the finding that overall list discrimination was not
different between groups, however, this result does fit with the large drop
observed in list discrimination performance for the retrieve divided attention
condition.
Discussion
The results of Experiment 3 failed to support a number of key
predictions made by the temporal context account. Apart from successfully
equating initial recall, which suggests that the differences observed in the first
two experiments were at least partly due to the high level of attentional
resources required to perform all of the tasks, this study did not find clear
differences between groups on the source discrimination test. Specifically,
there were no overall differences between any of the groups. However, there
was a difference specifically on performance related to the second list, which
warrants some further discussion.
To clarify this result, retrieving under divided attention selectively
reduced list discrimination performance for words that occurred on the second
list in comparison to all other conditions. It is unclear how this result could be
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explained from a temporal context perspective, especially considering it would
be a wholly post-hoc explanation rather than based on a clear prediction.
Despite this, one possible explanation is that context reinstatement is much
harder on a second list compared to the first because if dividing attention did in
fact disrupt context reinstatement on the first list then subjects may be more
susceptible to proactive interference on a second list due to a tougher time
restricting the search set to only the second list. This would then lead to lower
performance on the final list discrimination test. However, additional
experiments would need to be done to try and identify whether this is a
spurious finding or an actual outcome of the divided attention manipulation.
The other main result from this experiment was the lack of any
differences in final list discrimination between any of the groups. This is
contrary to a temporal context perspective because at the very least retrieving
under full attention should have led to better list discrimination than the study
full attention group. However, this was not the case. One alternative
explanation that might be provided by this perspective is that list discrimination
was too easy for each group. Even though retrieval practice is thought to
especially rely on context reinstatement the study conditions may presumably
be encoding some aspects of context, including temporal. Further, research
has shown that spacing out study opportunities can increase performance
compared to a massed study condition, which the episodic context account
explains as arising due to contextual variability/varied context representations.
Plus, the first assumption of the episodic context account is that people encode

47
temporal information during study. All together this may then lead to slightly
better list discrimination, especially on an immediate test with only two choices.
Although this is a possibility it is still difficult to explain why this benefit would
be happening for the study conditions but not for the divided attention retrieval
group considering that initial recall for this group was very high. However, past
research has shown an effect of retrieval practice on list discrimination so it is
more likely that they current procedure had some key difference that made it
easier to make a correct list discrimination across all conditions.
Overall, this experiment failed to find strong support for the temporal
context based predictions, thus making it difficult to come to a clear conclusion
about the effects of dividing attention on retrieval. Results from all of the
experiments are discussed further in the general discussion.
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GENERAL DISCUSSION

The original purpose of this experiment was to answer the question of
what happens when we retrieve a piece of information in the midst of
distraction and then attempt to retrieve that piece of information again in the
future. This question is important considering the number of distractions faced
by people in all walks of life, but it may be especially important in regards to
how students conduct themselves during study (e.g., foreign language
learning). In an attempt to answer this question, and also provide insight into
the mechanisms underlying retrieval practice, a series of experiments were
conducted to explore the role of dividing attention during retrieval practice. It
was hypothesized that although dividing attention may not have a clear effect
on an initial retrieval attempt it may reduce the mnemonic benefit of retrieval in
part by reducing subjects’ ability to use temporal context cues to guide their
search during retrieval. Specifically, it was expected that dividing attention
would reduce recall performance on a final free recall test, reduce the
proportion of within list transitions (an indicator for reliance on temporal context
cues), and reduce list discrimination performance. This prediction was derived
from the episodic context account of retrieval practice. Considering the amount
of research indicating that dividing attention greatly impacts encoding it was
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hypothesized that the updating process of context reinstatement, which
involves the encoding of additional context features, would be especially
disrupted because this process involves encoding. Across all three
experiments there was some support for these predictions, but in general
several questions remain.
The main results that supported the prediction that dividing attention
should disrupt the updating process of context reinstatement were the
differences between retrieving under full versus divided attention on the criterial
test in terms of retrieval success and within list transitions. The prediction was
that if the updating process was disrupted by dividing attention it should reduce
subjects’ ability to encode additional context features, which would lead to
lower levels of recall and lower scores on temporal context measures since
they would be unable to better restrict the search set using temporal context
information. The results thus support this particular prediction, however,
differences on initial recall performance somewhat cloud the interpretation of
the final free recall test.
Despite the support for the context based perspective, the third
experiment failed to extend the results of the first two experiments. The main
difficulty with the third experiment was that the fairly straightforward prediction
from the episodic context account that practicing retrieval should lead to
superior list discrimination performance over a restudy condition was not
supported. Considering that others have found support for this prediction it
seems that the most likely explanation of the null effect is a difference in the
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procedure. Specifically, the third experiment used a fragment completion/cued
recall task with only two lists followed by an immediate list discrimination test.
One major difference here is cued recall versus free recall and a second major
difference is the use of lures on the list discrimination test. Free recall is
thought to require a greater degree of context reinstatement than cued recall,
which then leads to the updating of more temporal context features. This allows
subjects to more accurately determine list membership in a list discrimination
task because they have more temporal context information to work with
compared to a cued recall test. Also, by having lures on the list discrimination
test this helped ensure that subjects could not, by chance alone, get the correct
answer. Thus, it seems that the lack of an effect could be due to these key
differences in the procedure used in experiment three. Future studies that use
a list discrimination task following a divided attention manipulation should
therefore incorporate lures, at the very least, to try and get a better idea of the
role of attention in retrieval.
Perhaps the greatest limitation in this set of experiments was the
persistent difficulty with equating initial recall performance. Although past
research has sometimes found effects of dividing attention on retrieval with
cued recall tests the procedure used here was included in order to try to help
equate initial recall while still ensuring that attention was divided. The extra
training time in experiment three seemed to help equate performance, but
considering the lack of differences on the list discrimination task it is hard to
determine whether the extra training was the actual cause or because of the
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particular procedure used here. Thus, a follow up experiment using the same
training procedure would need to be done to draw strong conclusions about the
recall results.
One final series of results worth discussing is the lack of differences
between retrieval groups on the mnemonic fate of successfully recalled items.
These results are interesting because despite differences in initial recall for
both of these experiments it seems as if the mnemonic benefit of retrieving an
item was not reduced in the face of distraction. Further, there were differences
on the within list transitions measure, meaning that subjects were not using
temporal context information to help guide recall, yet they were still able to
recall words that had been successfully retrieved earlier. This may suggest that
dividing attention disrupts retrieval, but not necessarily retrieval practice. In
other words, although context may play a critical role in retrieval practice there
may be other processes engaged that help subjects recall the information
again at a later point in time.
To some degree this pattern of results fits with the previous research on
retrieval practice and attention. The previous study done by Gaspelin et al.
somewhat fits with the current results in that they did not find an effect of
attention on retrieval practice, however, due to their study not dividing attention
until a second retrieval attempt it is difficult to draw comparisons between the
current study and theirs. However, the research done by Dudukovic et al.
seems to fit very well with the current set of results.
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Dudukovic et al. found an effect of dividing attention on retrieval both in
terms of recognition performance and source memory (i.e., context). This lines
up very well with the current experiments’ results with dividing attention during
retrieval leading to worse recall performance and fewer within list transitions.
Further, Dudukovic et al. found some indication of dividing attention disrupting
initial recognition performance, albeit it was very small. Again this fits with the
finding that initial cued recall performance was much lower for the divided
attention group. However, one result that was not consistent was the
conditional analysis that only examined items that were initially correct. In the
current set of experiments there was a consistent null effect, indicating that
dividing attention did not reduce the mnemonic benefit of retrieving the items,
however, Dudukovic et al. found that the mnemonic benefit was reduced for the
divided attention group. One possible explanation for this difference may be
because Dudukovic et al.’s procedure used a two day delay whereas the
current study was almost immediate. From a temporal context perspective
having a two day delay should make the criterial test more sensitive to the
effects of dividing attention on retrieval because it should be more difficult to
reinstate the context in order to provide a correct response. Regardless, future
work should incorporate longer delays in order to better assess the impact of
dividing attention on retrieval.
In conclusion, the results of these three experiments provide some
support for the broader predictions made by the episodic context account in
terms of what may be occurring in retrieval practice. There was evidence to
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suggest that dividing attention was disrupting context updating and recall on
the criterial test. Also, initial cued recall seemed to be sensitive to the effects of
dividing attention. Yet, the mnemonic benefit was the same. This may suggest
that if a student is studying for a Spanish vocabulary test while watching TV
that they will be less likely to recall the correct word and in general they will
recall less on the exam, but for the words that they do recall correctly they will
still get those correct on the exam. This set of experiments thus provides initial
evidence for the role of attention in retrieval, but to make strong claims about
the mechanism of retrieval practice and how dividing attention can disrupt
those mechanisms future research is certainly warranted.
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Figure 1. Free recall performance for each condition in Experiment 1. Error
bars represent standard error.
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Within List Transitions E1
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Figure 2. Proportion of within list transitions for each condition in Experiment 1.
Error bars represent standard error.
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Figure 3. Cumulative recall curves for the attention conditions in Experiment 1.
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Figure 4. Free recall performance for each condition in Experiment 2. Error
bars represent standard error.
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Figure 5. Proportion of within list transitions for each condition in Experiment 2.
Error bars represent standard error.
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Figure 6. Proportion correct on the list discrimination test in Experiment 3. Error
bars represent standard error.

